Background. Data on the natural history of human papillomavirus (HPV)-related genital warts (GWs) in men are sparse. We described the distribution of HPV types in incident GWs and estimated GW incidence and time from type-specific incident HPV infections to GW detection in a multinational cohort of men aged 18-70 years.
Background. Data on the natural history of human papillomavirus (HPV)-related genital warts (GWs) in men are sparse. We described the distribution of HPV types in incident GWs and estimated GW incidence and time from type-specific incident HPV infections to GW detection in a multinational cohort of men aged 18-70 years.
Methods. Participants included 2487 men examined for GWs and tested for HPV every 6 months and followed up for a median of 17.9 months. Samples were taken from 112 men with incident GWs to test for HPV DNA by polymerase chain reaction.
Results. Incidence of GWs was 2.35 cases per 1000 person-years, with highest incidence among men aged 18-30 years (3.43 cases per 1000 person-years). HPV 6 (43.8%), HPV 11 (10.7%), and HPV 16 (9.8%) were the genotypes most commonly detected in GWs. The 24-month cumulative incidence of GWs among men with incident HPV 6/11 infections was 14.6% (95% confidence interval [CI], 7.5%-21.1%). Median time to GW detection was 17.1 months (95% CI, 12.4-19.3 months), with shortest time to detection among men with incident infections with HPV 6/11 only (6.2 months; 95% CI, 5.6-24.2 months).
Conclusions. HPV 6/11 plays an important role in GW development, with the highest incidence and shortest time to detection among men with incident HPV 6/11 infection.
Anogenital human papillomavirus (HPV) is the most common sexually transmitted infection in the United
States [1] . More than 100 HPV types have been identified, and approximately 40 of these infect the anogenital region. Genital warts (GWs) are a common HPV-related disease associated with HPV types 6 and 11 [2] . In the United States, 5.6% of sexually active adults aged 18-59 years have self-reported ever receiving a diagnosis of GWs [3] , and 1% of US adults aged 18-45 years are estimated to have GWs at any given time [4] . Although GWs are benign and not associated with mortality, they are a source of psychosocial distress [5] and can cause physical discomfort, including pain, bleeding, and itching [6] . GWs are highly infectious; 65% of persons who have sex with a partner with GWs will develop GWs [7] . A high rate of recurrence makes treatment difficult and costly [8] . Approximately $200 million is spent annually in the United States for GW treatment [9] .
HPV vaccination may be an effective approach for primary prevention of GWs [10] . However, incidence rates for GWs and estimates of time from HPV infection to GW detection are necessary parameters for modeling the effectiveness of GW prevention through vaccination. Few published studies have reported the HPV type distribution in GWs, the incidence of GWs, and the time from HPV infection to GWs in men. Most published incidence rates of GWs among US men are based on data from private insurance claims [11, 12, 13] . These data likely underestimate true incidence because they exclude individuals who do not seek treatment or who are not privately insured. Likewise, little is known regarding the median time from HPV infection to GW detection, with only 1 published study to date conducted among young university students positive for HPV 6/11 [14] .
The purpose of this study was to describe the prevalence of HPV types detected in newly acquired GWs and estimate GW incidence and time from type-specific incident HPV infection to GW detection in a multinational cohort of men aged 18-70 years.
METHODS

Study Population
The HPV in Men (HIM) Study is a multinational prospective study of men aged 18-70 years that examines the natural history of HPV infection in men. Participants were enrolled in the HIM Study from July 2005 through September 2009 and met the following inclusion criteria: (1) aged 18-70 years; (2) resided in southern Florida; Sao Paulo, Brazil; or the state of Morelos, Mexico; (3) reported no previous diagnosis of penile or anal cancer; (4) reported no prior diagnosis of genital or anal warts; (5) had not participated in an HPV vaccine clinical trial; (6) reported no prior diagnosis of human immunodeficiency virus (HIV) infection or AIDS; (7) were not currently receiving treatment for a sexually transmitted infection; (8) had not been imprisoned, homeless, or in drug treatment in the previous 6 months; and (9) were willing to complete 10 scheduled visits every 6 months over 4 years.
In the United States, men were recruited from a large university and the general population in Tampa, Florida, through flyers, brochures, and advertisements in local and university newspapers. In Brazil, men were recruited from the general population of the metropolitan area of São Paulo through several advertisements and from a large urogenital care clinic. Participants in Brazil also included the partners of healthy women who had participated in an HPV natural history study in Sao Paulo. In Cuernavaca, Mexico, men were recruited through a state health plan, from local factories, and from the military. All participants provided written informed consent, and study protocols were approved by institutional review boards at each study site. A more detailed description of the study design and population is reported elsewhere [15, 16, 17] . The present study includes 2487 men who enrolled in the HIM Study before 1 January 2009, did not have GWs detected at enrollment, and completed at least one 6-month follow-up visit.
GW Identification
GWs were identified by visual inspection of the external genitalia by a trained clinician at each clinic visit and included both verrucous and flat lesions. All GWs were sampled with a saline prewetted Dacron swab for the presence of HPV DNA. If multiple GWs were detected, a separate specimen was obtained from each lesion. Specimens were also obtained from healthy genital skin on the coronal sulcus/glans penis, penile shaft, and scrotum for HPV DNA testing. GWs were sampled before healthy genital skin to avoid interspecimen contamination. Lesions that appeared to be related to herpes simplex virus or a benign condition, such as skin tags or cysts, were not sampled for HPV DNA.
HPV DNA Testing
DNA was extracted from samples using the QIAamp Mini kit (Qiagen), according to the manufacturer's instructions. The polymerase chain reaction (PCR) consensus primer system PGMY 09/11 was used to amplify a fragment of the HPV L1 gene. Every PCR plate included a negative (H 2 O) and a positive (CaSki cell DNA) control to test for possible contamination. The Linear Array HPV Genotyping Test (Roche Diagnostics) was used to test for the presence of 37 HPV types, including 13 oncogenic types (16, 18, 31, 33, 35 , 39, 45, 51, 52, 56, 58, 59, and 66) and 24 nononcogenic types (6, 11, 26 , 40, 42, 53, 54, 55, 61, 62, 64, 67-73, 81-84, IS39, and CP6108). A sample was considered HPV positive if HPV DNA was detected by PCR or if it tested positive for at least 1 of the 37 HPV genotypes. Samples that amplified HPV DNA by PCR but did not test positive for a specific HPV genotype were considered unclassified infections. b-Globin was detected in 93% (112 of 120) of GW samples. The 8 men with b-globin-negative GW samples (all negative for HPV DNA) were excluded from all analyses.
Statistical Analysis
GW incidence rates were calculated by dividing the number of incident cases by the number of person-months of follow-up. Person-months were measured as the number of months from the date of enrollment until the date that the incident GW was detected or until the date of the last clinic visit for men who did not develop GWs. Incidence rates were calculated for individual HPV types and groups of HPV types (nononcogenic or oncogenic HPV types) detected on the surface of the GW. The 95% confidence intervals (CIs) for incidence rates were calculated based on the Poisson distribution [18] . All incidence rates were reported per 1000 person-years.
The Kaplan-Meier method was used to estimate the 12-and 24-month cumulative risk of developing GWs (regardless of the HPV type detected on the wart) after specific types of incident genital HPV infections. Incident HPV infections were infections detected at a follow-up visit after a man tested negative for the same HPV type at enrollment. Men who did not develop GWs were censored at the date of their last study visit. The log-rank test was used to test for differences in risk of GWs by age group (18- developed GWs, the median time from a type-specific incident HPV infection to GW detection was calculated as time in months from the date an incident HPV infection was detected until the date that the GW was detected. The time from HPV infection to GW detection was calculated for the development of any GW, regardless of whether the wart had the same HPV type present in the incident infection.
RESULTS
Study participants were followed up for a median of 17.9 months (range, 4.5-46.9 months; interquartile range 7.0-29.6 months). A total of 112 men developed incident GWs during follow-up. Multiple warts were detected in 13 of the 112 men (12 men had 2 warts, and 1 man had 3 warts). The mean age (SD) of participants was 32.6 (11.4) years (range, 18-70 years), with 49% of men aged 18-30 years. Forty-five percent of men self-reported white race, and 45.2% self-identified as Hispanic. At baseline, 64.8% of men tested positive for HPV DNA on the normal genital skin, and 5.0% tested positive for HPV types 6 or 11. Table 1 presents GW incidence rates and the distribution of HPV type groups (oncogenic vs nononcogenic) detected on the surface of GWs. The overall incidence rate for a newly acquired GW was 2.35 cases per 1000 person-years. HPV DNA was detected in 80.4% of GWs, and 45.5% of GWs tested positive for multiple HPV types. Unclassified infections that tested positive for HPV DNA by PCR but did not hybridize a specific HPV type occurred in 5.4% of GWs. Forty-two percent of GWs had nononcogenic HPV types only, 5.4% had oncogenic HPV types only, and 27.7% tested positive for a mix of oncogenic and nononcogenic HPV types. HPV 6 and/or 11 was detected in 53.6% of the 112 incident GWs. Table 2 presents HPV type-specific incidence rates and the proportion of GWs that tested positive for specific HPV types. Nononcogenic types HPV 6 (43.8%) and HPV 11 (10.7%) were the most common types detected and had the highest incidence rates (1.03 cases per 1000 person-years and 0.25 cases per 1000 person years, respectively). All other HPV types were found in #10% of GWs and had incidence rates of ,1.0 cases per 1000 person-years. Other common nononcogenic HPV types detected were 62 (9.8%; 0.23 cases per 1000 person-years) and 84 (8.9%; 0.21 cases per 1000 person-years). The most common oncogenic HPV types detected were 16 (9.8%; 0.21 cases per 1000 person-years) and 52 (6.2%; 0.15 cases per 1000 personyears). A total of 58.9% of men who developed GWs had an HPV infection prior to GW development with $1 of the HPV types detected on the surface of the GW; 65.3% of men with GWs positive for HPV 6 and 58.3% of men with GWs positive for HPV 11 had a preceding HPV infection with types 6 and 11, respectively (data not shown).
The cumulative risk of developing GWs was 1.7% (95% CI, 1.2%-2.3%) at 12 months and 5.2% (95% CI, 4.1%-6.4%) at 24 months, and the median time to detection of any GW was 17.1 months (95% CI, 12.4-19.3 months) ( Table 3) . Among men with an incident HPV infection with any type, cumulative incidence of GWs was 2.4% (95% CI, 1.6%-3.3%) at 12 months and 6.8% (95% CI, 5.0%-8.6%) at 24 months. Although not statistically significant, cumulative incidence at 12 months was higher among men with incident HPV infections with nononcogenic types only (4.1%; 95% CI, 2.2%-6.0%), compared with men with incident infections with oncogenic types only (1.8%; 95% CI, .0%-3.5%) or a mix of oncogenic and nononcogenic types (1.5%; 95% CI, .5%-2.4%; P 5 .39). Men with an incident HPV 6/11 infection had the highest probability of developing GWs (Figure 1 ). Twelve months after an incident HPV infection, 8.9% (95% CI, .0%-18.1%) of men with HPV 6/11 only, 5.2% (95% CI, 1.8%-8.5%) of men with HPV 6/11 and other types, and 2.5% (95% CI, 1.5%-3.4%) of men with HPV types other than 6/11 developed GWs. The time from an incident HPV infection to GW detection was significantly shorter Table 3) .
Incidence of GWs significantly varied across age groups (P , .0001; Figure 2 ). Although the 24-month cumulative incidence of GWs was highest among younger men (7.4%; 95% CI, 5.4%-9.4%), middle-aged adults (3.1%; 95% CI, 1.6%-4.6%) and older men (3.3%; 95% CI, 0.9%-5.6%) remained at risk for GWs (Table 4 ). There were no statistically significant differences in GW incidence across countries in each age group (data not shown).
DISCUSSION
In this multinational cohort of men aged 18-70 years, we estimated GW incidence and time from HPV infection to GW detection and described the distribution of HPV types detected on the surface of incident GWs. Men with incident HPV 6/11 infection had the highest incidence of GWs and shortest time from HPV infection to GW detection. HPV 6 (43.8%) and HPV 11 (10.7%) were the most common types detected on GWs, but there was also a high prevalence of oncogenic types, including HPV 16 (9.8%).
The incidence rate of GWs among all men in our study was 2.35 cases per 1000 person-years, with the highest incidence of 3.43 cases per 1000 person-years observed among men aged 18-30 years. Our findings are similar to incidence estimates from studies using private health insurance claims that reported GW incidence rates of 1.70 [11] , 1.62 [12] , and 1.10 [13] cases per 1000 person-years. Those studies also observed the highest GW incidence among younger men. Two studies observed peak GW incidence among men aged 25-29 years (5.01 cases per 1000 person-years [13] and 2.7 cases per 1000 person-years [11] ), and one study observed the highest incidence among men aged 20-29 years (3.1 cases per 1000 person-years [12] ). Higher GW incidence rates have been observed among individuals in the placebo arms of HPV vaccine clinical trials: 8.7 cases per 1000 person-years among female patients aged 15-26 years [19] and 15.8 cases per 1000 person-years among male patients aged 16-26 years [10] . An enrollment criterion for the clinical trials was having #4 lifetime sexual partners. The median number of lifetime sexual partners in the current study was 6; thus, the lower GW incidence observed in the current study, compared with the clinical trials, is unexpected. One possible explanation is that young individuals just beginning to be sexually active and, therefore, exposed to HPV for the first time have not developed the immune response to quickly clear an infection. Time to clearance of an HPV infection is significantly longer among younger men [17] , who may consequently have a greater likelihood of developing a lesion.
Approximately 15% of men in the current study developed GWs within 24 months after an incident HPV 6/11 infection. This is lower than the percentage in a cohort of university students, in which 58% of men [14] and approximately 60% of women [20] developed GWs within 24 months after an incident HPV 6/11 infection. The age distribution of participants in each study may partially account for the difference. The student cohort only included individuals 18-21 years, whereas our study included men aged 18-70 years. However, the 24-month cumulative incidence of GWs after an incident HPV 6/11 infection was only 22.5% among men aged 18-21 years in our study. Differences in time intervals between clinic visits may also contribute to our lower incidence. Men in our study had a slightly longer time of 6 months between visits, compared with the cohort of students who were examined every 4 months. Because the median time to clearance of GWs was 5.9 months in the female students [20] , it is possible that there were men in our study who developed and cleared a new GW between the 6-month clinic visits. Among men in our study with an incident HPV 6/11 infection, the median time to GW detection was 12.2 months, similar to the median time of 11.0 months reported among male university students with an incident HPV 6/11 infection [14] . Women tend to have a shorter time from HPV 6/11 infection to GW detection; the placebo arm of a vaccine trial in women reported median times of 5.0 months [19] , and the study of female university students reported a median time of 2.9 months [20] . It is not known why GWs develop more slowly in men, but this observation is consistent with findings of peak GW incidence occurring at a slightly older age in men than in women [11, 13] . The prevalence of HPV 6/11 in GWs in our study was 54%. Previous studies reported the HPV 6/11 prevalence in GWs to be 86% among young women in the placebo arm of an HPV vaccine trial [19] , 89% in men from Hong Kong [21] , 90% among French men aged 18-72 years [22] , and .95% in 2 small US studies that included ,50 men [23, 24] . We also observed a high proportion of oncogenic HPV types in GWs (33.1%), with HPV 16 (9.8%) being the most common type detected after HPV 6 (43.8%) and HPV 11 (10.7%). This finding is consistent with other studies that also reported a high prevalence of oncogenic HPV types in GWs [19, 21, 22, 24] .
The major limitation of this study was reliance on visual inspection to identify GWs. Without histologic confirmation that lesions were GWs, it is possible that other conditions, such as penile intraepithelial neoplasia, were incorrectly classified as GWs. Misclassification could partially explain why men with genital HPV infections with only oncogenic types had the longest time from infection to lesion development. Because our GW incidence rates are similar to those found in previous studies [11, 12, 13] , it is unlikely that there was extensive misclassification. The generalizability of our findings may also be limited, because men who agree to participate in a 4-year study are likely to not be representative of the underlying population at each study site. However, our findings are likely more generalizable to a broader population than are findings from clinical trials, which have a more select group of individuals because of more stringent selection criteria. Also, HPV detection in the current study was based on samples obtained by sampling the surface of the GWs, and therefore, the types detected may not represent the types present in the lesions.
The major strength of the current study was the longitudinal study design and long duration of follow-up. Repeated measures of HPV status over follow-up enabled the examination of how time to GW development differed after incident HPV infections with specific types. We also included men from a broader age range than most previous studies, which allowed us to examine how incidence of GWs differed with age.
This study is one of the first to examine progression from HPV infection to GW development including men from across the lifespan. Although younger men had the highest incidence of GWs, middle-aged adult and older men still remained at risk of acquiring GWs. HPV 6/11 appears to play an important role in GW development, with the highest incidence and shortest time to GW development observed among men with incident HPV 6/11 infection. Future studies should confirm these incidence estimates among histologically confirmed GWs.
